The growth of four clinical strains of Paracoccidiuides brasiliensis was investigated using the chemically defined medium of McVeigh and Morton. Emphasis was placed upon controlling conditions of inoculurn preparation, age of inoculum used, and the homogeneity of samples used for analysis. The medium was evaluated for its ability to support growth of the yeast phase of P . brasiliensis at 37 "C. Cultures were followed for 240 h and growth patterns were determined by measuring optical density, dry weight, nucleic acids and protein. The medium is excellent for growing the yeast phase of P. brasiliensis. The exponential phase lasted an average of I35 h and the stationary phase 72 h; a decline began after 207 h. This defined medium supports abundant growth of the yeast phase of P. brasiliensis and may thus prove useful in the preparation of yeastphase antigens.
INTRODUCTION
A comparison of growth patterns using different strains of the yeast form of Puracoccidioides brusiliemis isolated from patients with South American blastomycosis has been hampered by the lack of chemically defined media (Gilardi & Loffer, 1962;  Ramirez-Martinez, 1970 ,1972 ; Lee er of., 1975)* Most investigators studying this organism have chosen to study only a single parameter of growth, such as turbidity or nucleic acid production (Ramirez-Martinez, 1970 , 1971 San-Blas & Cova, 1975;  Arango & Restrepo, 1976; Restrepo & Jimenez, 1980) . Growth in complex media containing undefined ingredients has been studied; however, the results are not comparable (Ramirez-Martinez, 1970 , 1972 . It has been suggested that reproducibility of growth curves based on turbidimetric measurements is only possible when conditions such as inoculum age, sample homogeneity, and incubation conditions are rigorously controlled (Nickerson & Edwards, 1949;  San-Blas & Cova, 1975) . When studying P. brusifiensis the comparison of these parameters is difficult because the yeast phase does not readily grow in liquid media and forms clumps even when the conditions of growth include shaking.
Previous authors have reported success in growing the yeast form of P. bradiensis in a modified McVeigh-Morton medium (Restrepo & Jimenez, 1980) . Measurements of turbidity with six isolates and viable cell counts with one isolate were used to produce growth curves. Preliminary studies in our laboratory showed the original formulation of McVeigh-Morton (MM) medium to be equally capable of supporting the growth of P. brusifiensis if care was taken to avoid precipitation of salts when preparing the medium. All the components of this medium are chemically defined, making it suitable for analysis of growth rates as well as for antigen production.
Here we describe a method for inoculum preparation and the determination of growth rates in M M medium, using four clinical isolates of P. brasiliensis. Growth rate was evaluated by measurements of optical density, dry weight, nudeic acids and protein. Morton, 1965) . Every third day, blind subcultures were done onto a fresh agar slant (MM) until a typical pasty growth was s e n . After 5 d. the yeast cells from these isolates were transkrred to a flask of liquid medium (MM) and grown at 37 "C on gyratory shaker at 250 r.p.m. After 5 d growth, the cultures were filtered through sintered glass funnels and the resultant slurry was homogenized in a tissue grinder until singlc-cell suspensions were obtained. These cells were added (OD,,, = 0.10) into 20 flasks containing the same medium* The flasks were incubated at 37 "C on a gyratory shaker at 250 r.p.m.
Sampling, C O U~ and d r j weights. Samples for analysis were taken at time zero and then every I 2 h for a total of 240 h. At each time point, a single flask was removed for sampling* The first sample of 5 ml was used for determination of OD,,,. Readings were made in triplicate and the mean was recorded. Two samples of approximately 20 mi were placed into sterile conical centrifuge tubes and centrifuged twice at 20000g for 15 min. The pellets were resuspended each time in distilled water. The cells then were resuspended in 5 ml sterile distilled water and frozen at -20 "C for nucleic acid and protein determinations. An additional sample of approximately 20 ml was removed for dry weight analysis. This sample was washed and pelleted as just described. The cells were resuspended in 5 ml sterile water and filtered through a preweighed HA 045 pm filter (Nalgene Sybron Corp..
Rochester, NY. USA).
The filters containing the organisms were dried by desiccation until three consecutive weighings showed nochangc in weight. Dry weight was recorded as pg per ml of sample. An additional sample of I ml was used for cell counts. It was diluted I : 2 in 0. I % trypan blue and mixed by vortexing; duplicate cell counts were made in a haemocytometer and the mean value was recorded. Cell aggregates, when present, were counted as single cells.
Nucleic acid andprorein derertninutwns. Extractions for nucleic acids and protein were done by a modification of the procedure of Bhargava & Halvorson (1971). The pellet of cells was washed once with 25% (v/v) ethanol and twice with 10 ml volumes of 70% ethanol. The cells were resuspended in a small volume of cold sterile water. To the chilled cell suspension 3 ml cold 0-5 M-perchloric acid (PCA) was added and the mixture was incubated on ice for I5 min. The cell suspension was centrifuged at 200001 and the supernatant discarded. The cell pellet was extracted twice with I mlO.5 w-PCA for 2 h at 37 "C; the combined supematants from the two extractions were used for measurement of RNA. The cells were thcn resuspended and extracted twice with 3 to 4 mlO.5 M-PCA for 30 min at 70 "C; the combined supernatants from these two extractions wcrc used for measurement of DNA. The sediment was solubilized in 3 ml I w-NaOH for 1 h at 60 "C for measurement of protein.
DNA was assayed using a diphenylamine reagent with calf thymus DNA as a standard (Burton, 1956) . R N A was colorimctrically determined by theorcinol method with yeast R N A as a standard (Drury. 1948). Protein determination was by the Lowry procedure with bovine serum albumin as a standard.
RESULTS

A N D DISCUSSION
The four clinicai strains of P. brusiliensis tested showed balanced growth in the chemically defined M M medium. Despite differences in growth rates and peak levels of macromolecules produced, all the strains grew well in this medium, and three of them produced abundant growth. The use of a homogenized inoculum resulted in a less erratic pattern of growth, facilitating comparisons between strains. Three growth curves were obtained for each of the four isolates; mean values for two strains are presented in the figures. Data for a11 four strains are summarized in Table 1 . The optical density and dry weight values for strains Suarez and 579 are shown in Fig. 1 . With all four strains, a regular pattern of growth was seen. Isolates J79, Manco and MTC had similar growth characteristics. The Suarer strain was a slow grower and failed to reach the optical densities achieved by the other three strains. In addition, a decline in ODbT5 was never observed with this strain, despite the fact that a decline in dry weight occurred 204 h after initial inoculation. These differences were probably due to a brown pigment which was secreted into the medium during growth of the Suarez strain. To our knowledge, pigment production by the yeast phase of P. brasili4nSis has not previously been reported, perhaps because M M medium has seldom been used for studying growth of the yeast phase of P.
brasiliensis.
The Suarez strain was also different in that its cell size was less than half that of the other strains (8 pm vs 20 pm). Despite this, however, its nucleic acid, dry weight and protein levels There was no apparent lag phase in any of the organisms. This was attributed to the use of a homogenized inoculum which had already reached exponential phase when transferred to fresh medium. The range of time in the different stages of growth as determined by optical density and dry weight measurements is shown in Table 1 . The total length of the decline periods could not be calculated, since this study was terminated at 240 h; however, all strains tested began to decline in growth after 8 to 9 d .
Cell numbers as measured by haemocytometer proved to be unreliable and ad inconsistent monitor of growth, so the data are not presented. This problem is related to the multiple budding behaviour of this organism. During vortexing, budding cells would detach from the main cell. It then became impossible to distinguish between daughter cells and the main cell, especially with the Suarez strain, where the size of the bud (6 pm) was similar to that of the mother cell (8 pm).
To date, there is no evidence that detached buds form colonies when pIated out, hence only the main cells must be considered in a count. San-Blas & Cova (1975) found that counts of cell numbers after vital staining paralleled culture turbidity. However, other authors (Arango & Restrepo, 1976; Restrepo & Jimenez, 1980) have felt that colony counts on solid media are the only reliable method of obtaining an estimation of viable cell numbers using the yeast phase of P . brasiliensis, and our experience would support such a conclusion.
The R N A level of all four strains reached a maximum after 120 to 180 h of growth (Fig. 2a) , followed by a rapid decrease which extended through the period of study. The rise in R N A reflected that seen in total protein for each of the four strains (Fig. 2b) . The J79 and MTC strains yielded the highest maximum DNA level, whereas the maximum DNA level of the Suarez and Manco strains was one-half to one-third of that seen with the J79 and MTC strains. Data for the MTC and Manco strains are shown in Fig. 2(c) . Despite these differences in nucleic acid levels, all four strains produced high levels of protein, maxima occurring between 132 and 180 h (5.5 to 7-5 d) of growth.
Changesinnucleic acid levels, particularly DNA, wereeasilyseen withall fourstrains. Thisis in contrast to an earlier report where DNA content (pg per mg dry wt) remained almost unchanged over a 10d growth period, despite increases in RNA and dry weight during the same period (Ramirez-Martinez, 1970) . The maximum amount of DNA was observed on the first day, even though dry weight peaked between the fourth and fifth day of growth. This may have been due to the harsher methods that Ramirez-Martinez used for extraction, which can result in protein products that interfere with the methods used for nucleic acid detection. In addition, the holding of our samples and extracts at -20 "C until determinations were performed prevented the loss and underestimation of nucleic acids. Since the yeast phase of P. brusi/knsis is multinucleate, a change in overall DNA per cell grown over a 240 h period would be expected.
The doubling times in terms of dry weight, OD675, nucleic acids and protein are shown in For investigators who prefer working with exponentially growing cells, M M medium is ideal.
With all four strains, the yeast phase remained in the exponential phase of growth for at least 120 h. Despite some differences in methodology, our results may be compared with those of
Restrepo & Jiminez (1980), using a modified M M medium. Their study showed an exponential phase of 108 h, a stationary phase of approximately 84 h, and a relatively abrupt decline after
